Two common serotonin transporter (SERT) untranslated region gene variants have been intensively studied, but remain inconclusively linked to depression and other neuropsychiatric disorders. We now report an uncommon coding region SERT mutation, Ile425Val, in two unrelated families with OCD and other serotonin-related disorders. Six of the seven family members with this mutation had OCD (n ¼ 5) or obsessive-compulsive personality disorder (n ¼ 1) and some also met diagnostic criteria for multiple other disorders (Asperger's syndrome, social phobia, anorexia nervosa, tic disorder and alcohol and other substance abuse/dependence). The four most clinically affected individuals-the two probands and their two slbs-had the I425V SERT gene gain-of-function mutation and were also homozygous for Obsessive-compulsive disorder (OCD) occurs in 1-3% of the US population and is among the ten leading causes of disability worldwide. 1 Its etiology is unknown, although family members are at a sevenfold higher risk than control. 2 As OCD differs from other neuropsychiatric disorders that are treated effectively with multiple drugs in responding only to serotonin transporter (SERT) antagonists, we and others have been examining SERT gene variants in this disorder. 3 The human SERT gene, SCL6A4, has been cloned and sequenced; it maps to chromosome 17 q11.1-q12. [4] [5] [6] Like other Na þ -and Cl À -coupled monoamine transporters, it is organized in 14 exons that yield a protein with 12 membrane spanning domains. 7 Mice with a deletion of one or two SERT gene alleles exhibit profound alterations in neurochemistry, behavior, body weight, drug responses and thalamocortical circuitry. 8 Two candidate gene investigations of the one previously described functional SERT gene 5 0 -UTR variant, designated 5-HTTLPR, found preferential transmission of the L allele and an excess of the LL genotype in OCD. 3, 9 However, other studies of 5-HTTLPR in OCD reported no differences. 10 One view of this conflicting literature follows from data indicating that OCD clinical heterogeneity may likely be obscuring possible associations. 10, 11 We sought to further investigate the SERT gene in OCD and two other serotonergic neuropsychiatric disorders by scanning its coding sequence using single strand conformational polymorphism (SSCP) analysis. We analyzed DNA samples from 170 unrelated individuals, including patients with OCD (n ¼ 30), eating disorder (n ¼ 30), and seasonal affective disorder (n ¼ 30) plus healthy controls (n ¼ 80).
Two uncommon variants were detected. An A to G transversion at nucleotide 1273 of the coding sequence, substituting Val425 for Ile425, was observed in two patients with OCD. Ile425 is conserved across all five mammalian species investigated, as well as the fly. 12 The other variant, G1317A, was a synonymous substitution seen in one control. Neither of these uncommon SERT gene variants was observed in 213 additional unrelated individuals consisting of 143 OCD, eating disorder and seasonal affective disorder patients including 82 with OCD or a dual diagnosis of OCD and eating disorder plus 70 Centre d'Etude du Polymorphism Humain (CEPH) caucasian population controls.
We psychiatrically interviewed available relatives (A2 to 4, B2 to 10, Figure 1 ) of both OCD probands (A1 and B1) with Val425, and genotyped them for both I425V and 5-HTTLPR. 13 Including the probands, seven of 14 members of these two pedigrees were heterozygous for 425V ( Figure 1 ). Six of these seven individuals had OCD (n ¼ 5) or OC personality disorder (n ¼ 1). None of the other members of these families whom we studied had OCD or OC personality disorder. As summarized (Figure 1 ), the OCD probands and their sibs in the two families had an unusually severe clinical course with multiple and somewhat unusual coexistent neuropsychiatric disorders.
Thus, this SERT gene mutation, which leads to defective regulation of SERT, 14 may contribute to an uncommon familial form of OCD that is associated with Asperger's syndrome (AS)/autism, anorexia and a dense constellation of other serotonergic neuropsychiatric disorders proposed to be related to OCD. Owing of its rarity, I425V is not implicable in most individuals with these disorders. However, we have already observed the variant in two unrelated families, and I425V was also reported once in a SNP survey of 450 psychiatrically uncharacterized individuals. 15 Therefore, it is likely that I425V, while uncommon, will be found in other families with OCD and related disorders.
Overall, OCD is a moderately heritable disorder which is cotransmitted in certain families with other disorders including OC personality disorder, depression, tic disorder and grooming disorders. 7, 16, 17 Similar to the proposed action of 5-HTTLPR, I425V may confer an overall greater vulnerability to multiple disorders related to serotonin. However, the striking number, additional variety, severity and frequent treatment resistance of other disorders in the A and B families suggest that the actual phenotype defined by I425V is an atypical 'OCD plus': a specific syndrome incorporating OCD and an AS/autism/social phobia and eating disorder complex.
In fact, specific social difficulties were present in five of seven individuals with Val425, with two meeting criteria for AS and three for social phobia (SP). The AS found in two brothers is an unusual comorbidity since AS and autism are uncommon disorders with a population frequency of 2-15 in 10 000, vs 1-3% for OCD. 18 Major studies of OCD comorbidity in adults do not mention AS/autism, while social phobia was found in only 1% of 1078 individuals with epidemiologically surveyed OCD, 19 although some small studies found a higher incidence. 16 AS is considered a pervasive developmental disorder related to autism but distinguished by normal language development and later onset with higher overall functioning. 19 While repetitive behaviors are a superficial commonality between OCD and AS/autism, the interpersonal, cognitive, language and articulation deficits that are not seen in OCD, render these very distinct diagnoses. 9, 19, 20 Family members of autistic probands have significantly higher rates of autism/AS (four-to nine-fold) plus SP, depression and alcohol/substance abuse and some particular personality traits, but not 15 other disorders, including OCD, 21, 22 Fexcept in one report. 23 SP has 10-fold higher frequency (20%) in family members of autistic probands vs controls, and is observed most often in families of higher functioning autistic individuals without mental retardation (38% incidence), who are part of the broader autism spectrum. 21, 22 SP is characterized by fear and avoidance of interpersonal situations. Twin and family studies show SP to be hereditable, 22, 24 but, as with autism and OCD, contributory genes have not been found and verified. It is thus possible that these I425V families are linked, in addition to OCD, by AS/autism and SP, possibly representing a dimensional social dysfunction phenotype.
With regard to the multiple other disorders in these families, anorexia nervosa, found in two siblings with I425V, occurs in 5-13% of individuals with OCD and in 1% of the general population. 25, 26 Patients with anorexia nervosa frequently have OCD characteristics including perfectionism and compulsions related to both food and exercise. These observations might indicate that several disorders partially overlap in clinical comorbidity and in causality, including genetic transmission. I425V may operate as an aggravating factor for severity of these disorders.
These two probands and their families constituted the only individuals among 4380 sampled who possessed the uncommon I425V mutation in the coding region of the SERT gene. One study employing complete sequencing of the SERT gene using DNA from 22 individuals with OCD plus controls revealed no variants. 27 A recent report screening for low frequency of SERT gene sequence variations using SNPs found that the I425V mutation was rare, occurring in only one of the 450 individuals;
14 no clinical or demographic data are available on these individuals. 28 The I425V mutation is located in transmembrane region 8 of SERT (Figure 2) , where it is in position to alter the secondary structure of this hydrophobic domain. Its presence locks the mutant transporter in an activated state that is normally achieved in the I425 transporter through the action of nitric oxide and cGMP. Evidence for constitutive activation of SERT by the 425V mutation in transfected human cell lines is presented elsewhere.
14 Interestingly, in the two families we have studied, the I425V variant is on the same DNA strand with the L allele of 5-HTTLPR, a locus found at a distance of 42 kb from I425V. Furthermore, the homozygous 5-HTTLPR LL genotype is present both in the brothers A1 and A2 who have OCD plus AS and in the sisters B1 and B2 who have OCD or OC personality disorder plus AN. (Figure 1 ). The LL variant leads to two-to three-fold greater transcriptional activity (increased mRNA, SERT sites and serotonin uptake) plus greater response to cyclic AMP and protein kinase C than the SS form.13 Thus, this combination of SERT genotypes represents a unique 'double-hit' with functional consequences in the same, greater transport direction derived from both the coding region I425 mutation and the LL promoter region variant. The combined locked-on, gain-of-function effects of these SERT gene loci may cause an attendant deficit in the potential for adaptive responses to environmental challenges occurring either during early development or in adulthood.
In conclusion, we have found an unusual clustering of multiple, uncommon neuropsychiatric disorders (0.02-2% of the general population for OCD, AN, AS/ autism) 2, 18, 25 associated with an uncommon functional missense variant in the serotonin transporter gene. Individuals with Val425 in two families had neuropsychiatric disorders long hypothesized to have a serotonergic etiological component. The unusual severity and treatment resistance of the disorders in the probands and their siblings likely represent the potent gain-of-function effect of Val425 on serotonin transporter function and may also reflect the combined 'double-hit' effect of Val425 with the more highly transcribed allele of the serotonin promoter polymorphism.
Methods

Subjects
All patients and healthy controls gave informed consent prior to participating in human research protocols approved by the NIMH-IRP and the University of Pittsburgh School of Medicine Institutional Review Boards. Subjects were psychiatrically evaluated using the Structured Clinical Interview (SCID) for DSM-III-R and DSM-IV and/or Schedule for Affective Disorders and Schizophrenia (SADS) inventory prior to genotyping, as part of ongoing genetic studies of these disorders 3, [29] [30] [31] (except the CEPH controls and exceptions noted). Healthy controls had no history of any DSM Axis I psychiatric conditions.
SSCP-PCR, detection of the amino acid substitution by modified PCR and 5-HTTLPR genotyping SSCP-PCR analysis was carried out according to procedures previously described, 31 using 13 primer pairs that cover the entire SERT gene coding sequence (available from authors). A modified primer (5 0 GAT TAA CAT CAG AAA GAA GAT GC3 0 ) and the upper primer of exon 9 were used to introduce a base substitution (T to C) adjacent to the codon of interest, creating an artificial restriction site with only one allelic form. 32 Following amplification of DNA, the PCR product was digested by HpaII yielding two fragments in the case of the rare allele Val425; the product remains intact in the case of the common allele, Ile425. All members of Family A and B were also genotyped for 5-HTTLPR using a modification of the genotyping procedure as previously described. 13 
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